The article analyzes the data on characteristics of phenological phases of development, the content of ascorbic acid and tannins, and peroxidase activity of drooping birch in the environment of the city of Naberezhnye Chelny. The specific reaction of drooping birch on a complex of negative conditions of the built environment was defined. A special feature is the increase in the growing season in species under anthropogenic stress of buffer zones, in-main plantations, as compared to CCA (conditional control area). The content of tannins in the leaves of drooping birch grows in the course of growing season, reaching the highest values in August. The increased anthropogenic impact leads to an increase in the content of ascorbic acid in the leaves of drooping birch in the buffer zone plantations of industrial enterprises and the in-main plantations in the early stages of active vegetation. In technological terms the peroxidase activity in leaves increases over the entire period of active vegetation.
Major industrial centers are the artificial ultra-opened systems created by man and entirely dependent on it, both in terms of maintaining the ecological balance, and in terms of the possible ways to improve man-made habitats. Such issues are of particular relevance in view of the need of selection of species of living organisms capable both to survive in the extreme conditions of the urban environment, and positive influence thereon, helping to optimize and improve it (T.K. Goryshina, 1991 ; I.L.Bukharina and others, 2013; Cheeseman J.M., 2007). The works on the study of possibilities of plants as a factor for improving the quality of urban and man-made habitats are continuing.
Different secondary metabolites, including those of low-molecular and highmolecular nature which are important indicators of well-being of plants vegetation, are involved in adaptive reactions. Such metabolites are ascorbic acid, tannins, peroxidase activity dynamics of which is changing throughout the vegetation under the influence of anthropogenic stress. Ascorbic acid is involved in numerous life processes of plants: growth, flowering, vegetative and reproductive differentiation, in water exchange, regulation of enzyme activity, stimulation of metabolic reactions, involving the exchange of nucleic substances and protein synthesis, and in plant defense reactions (M.E.Balandaikin, 2014; Wyrwicka ., 2006; Horemans N., 2007; Gill S.S., 2010; Delia-Gabriela Dumbrav0, 2012) . Peroxidase, together with catalase and superoxide dismutase, are involved in protecting the organism from oxidative stress, control the growth of plants, their differentiation and development. Since the substrates of peroxidase can be phytohormones (abscisic acid, gibberellic acid, auxin), the enzyme may regulate the composition of physiologically active substances in the plant tissues. However, this enzyme is sufficiently sensitive to external influences, prompting suggestion on the possibility of using indicators of its activity as test characteristics to determine the living condition of woody plants (V.V. Rogozhin Various metabolites, including phenolic compounds (FC), the representatives of which are tannins (tanstuff), are involved in adaptive reactions. Phenolic compounds affect the growth and development processes. The mechanism of their action on plant growth is not clear, and it is often associated with exposure to auxin metabolism, by regulation of the amount of auxins. Monophenols used in the experiments increase the activity of IAA-oxidase and auxin degradation, but di-and polyphenols inhibit degradation of indoleacetic acid. Phenols share with IAA the precursor in the biosynthesis, therefore the synthesis of phenols may be associated with slowing of auxin biosynthesis and vice versa. It is assumed that the tannins are the main antagonists and regulators of gibberellins activity. Phenolic compounds can also play an important role in the buds dormancy. Some of the phenols violate oxidative phosphorylation. In case of mechanical damage, an intensive new formation of phenolic compounds, which is accompanied by an oxidative condensation in the surface layers, the products of which have protective function, begins in tissues. A number of phenolic compounds (carotenoids, flavonoids, phenolcarboxilic acids) have a strong antioxidant effect (I.L.Bucharina, 2014; Galves-Valdivieso, 2010).
The drooping birch (Betula pendula Roth.) is widespread in planting of the city of Naberezhnye Chelny and buffer zones of JSC "Kamaz". The drooping birch is forced to adapt to hostile conditions of the built environment. Negative factors of the man-made environment cause premature aging of plants. The purpose of our work was to study the phenology and dynamics of the content of ascorbic acid, tannins and peroxidase activity in leaves of drooping birch growing in plantations of different environmental categories.
Methods
Naberezhnye Chelny is a part of the Republic of Tatarstan, which is located on the territory of the Middle Volga. The annual rainfall reaches an average of 555 mm. The average annual temperature is about 2 ... 3.1 ° C. Naberezhnye Chelny is a major industrial center with a population of 530 thousand people. Major industries in the city are mechanical engineering, electric power, construction industry, and food processing industry. The key (city-forming) company of the city is Kama Automobile Plant. Characteristics of the degree of air pollution in areas of growing of woody plants were carried out by us on the basis of the "Report on the environmental condition of the Republic of Tatarstan" for 2013. The complex air pollution index (API = 15.3) describes the condition of air pollution in the city as very high. There was established the excess of maximum permissible concentration levels of benzo (a) pyrene, formaldehyde, phenol, carbon oxides and nitrogen (State report "On the condition of Natural Resources and Environmental Protection of the Republic of Tatarstan in 2013", 2014).
The research object is the drooping birch (Betula pendula Roth.). The studied plant species grows in the city as part of plants of different ecological categories: main landings (large main Auto 1 and Mira Avenue) and sanitary and protection zones (SPZ) of the industrial enterprises JSC "Kamaz", plants "Liteiniy" and "Kuznechniy", which are the main polluters of the city. The following zones were chosen as the conditional control zones (CCZ): the area of Chelny forestry (forest-steppe zone of 9,539 hectares, forest-steppe regions of the European part of the Russian Federation).
The trial plots were laid in a regular way (by 5 pcs. in each area, with the size of not less than 0.25 ha). In order to examine the contents of the physiological and biochemical indexes in leaves of plants within the trial plot (TP), the selection (10 plants of each species) and numbering of accountable woody plants, and the estimation of their living condition were made. The accountable species had a good living condition and middle-aged generative ontogenetic state (g2). During the active growing season, i.e., June, July and August, the samples of leaves of the middle formation at the annual vegetative growth were taken from the accountable species (with the lower third of the tree crown of southern exposure). The selection of soil samples (composite sample made up of individually taken samples by the envelope method) was made within the TP. The exposure was determined by compass and corresponded to the location of the crown part against the north and south. In main plantation the southern exposure directly faced the avenue.
During phenological observations, we recorded the following stages of seasonal changes: Pb2 -budding (the appearance of a cone of leaves), C2 -the beginning of flowering, C3 -the end of flowering, Pl3 -ripening of fruits, seeds, L3 -colorization of dying leaves, and P4 -leaf fall (phenological observations of trees and shrubs: Guidelines for dendrology, 1990; N.E. Bulygin, 2001 ).
Under laboratory conditions, the content of ascorbic acid was determined according to GOST 24556-89 (titrimetric method). The content of condensed tannins in the leaves of woody plants was defined using permanganometric method (Leventhal method within Kursanov modification), peroxidase activity -using colorimetric method according to A.M.Boyarkin (D.P.Viktorov, 1991, V.S. Nikolaevskiy, 1999) .
The mathematical processing of materials was made using the statistical package «Statistica 5.5». For the interpretation of the obtained materials, the methods of descriptive statistics and dispersive multivariate analysis (by cross-hierarchical scheme, upon the subsequent assessment of differences by multiple comparing LSD-test) was used.
RESULTS AND DISCUSSION

Features of the phenology and soils in the study areas
The conducted agrochemical analysis showed that the soil in plantations of the conditional control zones had slight alkaline reaction (pHKCl = 7.1-7.2), the average content of organic matter (5.3-5.8%), from high to very high content of mobile phosphorus (115.4-291.3 mg/kg) and from high to very high -exchangeable potassium (210-314 mg/kg). In the soils a high content of nitrate forms of nitrogen (210-405) and a low content of ammonium forms of nitrogen was observed (8.3-19.3 mg/kg) ( Table 1) .
In plantations of sanitary protection zones of industrial enterprises the soils were characterized by a slightly acid and slightly alkaline reaction (pHKCl = 6.7-7.5), organic matter content from medium to high (5.5-6.2%), the content of the nitrate forms of nitrogen at the level of 247-300 mg/kg, and ammonium forms of nitrogen at the level of 6.1-14.9 mg/kg. In main plantations the soils had: the exchange acidity of 7.4-7.7 (pHH2O = 8.4-8.6), characterizing the slightly alkaline reaction of soils; low organic matter content (1.7-3.1%); low to medium content of ammonia nitrogen (6.4-8.1 mg/kg) and available phosphorus (P2O5 = 29.8-53.5 mg/kg); the average content of nitrate nitrogen (164-175); and high to very high content of exchangeable potassium (K2O = 210-325 mg/kg).
The earliest vegetation in the CCZ noted in 2012 -at the end of the second and the beginning of the third decade of April the appearance of the green cone of leaves (22.04) was observed; conversely, in 2014, the emergence of green leaves cone was pointed at the end of the third decade of April (26.04) ( Table 2) .
Throughout the study period, we In 2012, the weather conditions of the growing season of woody plants showed increased air temperature, the excess of mean annual data within + 3 ... + 7Ë% C and precipitation at the normal level. In 2013 and 2014 more arid conditions were observed as compared to 2012, the increase in the temperature above the longterm average annual data was + 7 ... + 11Ë% C, and the precipitation was below normal.
Analysis of the content of low molecular weight compounds in plants
In 2012 the dispersive multivariative analysis of the results of research in 2012 revealed a significant effect of the complex conditions of the locus (significance level = 8.37 × 10-5), period of vegetation (P = 1.16 × 10-3), as well as the interaction of these factors ( <10 -5 ) on the content of tannins in the leaves of birch (Table  3) . The results of research in 2012 showed that all the plants and in all types of plantings the tannins content in the leaves increases during the growing season, reaching the highest values in August. The drooping birch growing in the CCZ was characterized by the greatest values of tannins (11.87-11.89 mg /g of dry substance).
This can be explained either by a reduction in the synthesis of this metabolite, or its attrition rate in the protective reactions of plants, because according to long-term data, these months differ by the highest levels of air pollution in the city.
In main plantations and in sanitary zone plantings the plants had a lower tannin content as compared to CCZ. In July the results were different from those of June. In the leaves of plants in main plantings the tannin content was significantly higher as compared to the CCZ. The species of drooping birch in this observation period in different types of plantations had no significant differences with the control by the content of tannins.
In 2013-2014 in SPZ plantations of industrial enterprises the nature of changes in the content of tannins of the drooping birch was similar to the growing season of 2012. In main plantations in conditions of intensive technogenic influence during more complex years due to meteorological conditions a significant reduction of tannins content in leaves as compared with control plants was observed during the whole observation period.
Thus, we can conclude that the plant response to the growing conditions depended not only on the degree of anthropogenic impact, but also on the prevailing weather conditions during the growing season.
The dispersive multivariate analysis of research results showed that a set of conditions of the locus ( <10 -5 ), vegetation phase ( <10 -5 ) as well as the interaction of these factors ( <10 -5 ) had a significant impact on the content of ascorbic acid in leaves of birch. (Table 4) .
In all plants, regardless of the growth conditions, the amount of the metabolite was reduced with varying degrees of intensity throughout the growing season, indicating a decrease in the activity of redox processes in plants.
In the drooping birch growing in the conditions of anthropogenic stress, the ascorbic acid content increased as compared with the control in the early stages of the active growing season (June -July): 84.8; 110.4 -125.1 and 11.4 -24.8 mg%, then its level decreased in August: by 110; 67.6 -79.5; 26.2 -41.2 mg % , respectively in 2012, 2013 and 2014.
The increased anthropogenic impact leads to an increase in the ascorbic acid content in the leaves of birch in SPZ plantings of industrial enterprises and in the main plantations in the early stages of the active growing season, except for 2012, where the ascorbic acid content was less than the control options at the early stages of the growing season. Perhaps this is due to more arid microclimatic conditions of the study area. In our view, this indicates the presence of other physiological processes, offsetting the negative impact of man-made load in urbanistic area.
Features of peroxidase activity in plants
The dispersive multivariate analysis of the research results showed that peroxidase activity in leaves of woody plants was under a considerable influence of the complex of growth conditions ( <10 -5 ), the growing season ( <10 -5 ), and and the interaction of these factors ( <10 -5 ) ( Table. 5 ).
The results of biochemical studies for the three years showed that the drooping birch had a maximum level of peroxidase activity in July, regardless of the zone of growth. In technological terms the peroxidase activity in leaves increased over the entire period of active vegetation: in June 0.31 -0.38 units. act; in July, 0.46 -0.79; and in August 0.37 -0.13, respectively, in the sanitary zones and main plantations, as compared to CCZ with NSR05 = 0.05 units. act. The fact of an increase in peroxidase activity in the leaves of birch in the manmade environment shows the sensitivity of the species to various air pool pollutants. Presumably, the most part of the toxic substance includes acidic gases form peroxide that form peroxide in the light, and they in their turn caused the activation of peroxidase substrate. Thus, it can be assumed that the level of air pollution within the main plantations is higher than in sanitary protection zones, since the degree of activation of the enzyme in the leaves of birch is higher. Moreover, the maximum level of pollution is in July.
